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+ +,&I -% Graf Zeppelin always set t w o  main tasks f o r  h i s  a i r s h i p s :  a s  a aeans/rS* 
of reconnaissance f o r  m i l i t a r y  purposes and as a weapon; however, h i s  
s h i p s  were in tended e v e n t u a l l y  to become t h e  means o f  t r a n s p o r t  f o r  long 
d i s t a n c e s ,  which could  n o t  be covered by other v e h i c l e s  or o n l y  a t  a ve ry  
time-consuming r a t e .  
Due to  improvements i n  means o f  de fense  t h e  a i r s h i p  was discarded 
by t h e  m i l i t a r y  some time ago, whether it is f i l l e d  wi th  combust ible  
g a s  or not .  
The d i r i g i b l e s  were t h e r e f o r e  to be developed s o l e l y  f o r  purposes 
of t r a n s p o r t a t i o n .  
L,+rfrCf I L  . An a t t empt  was made to ach ieve  t h i s  aim i n  t h e  c a s e  of  t h e  a i r s h i p  
- "Graf Zeppelin," The s h i p  was a b l e  to  t r a v e l  a c r o s s  oceans and around t h e  
g lobe  and i n  t h i s  manner s u p p l i e d  informat ion  on t h e  d i r e c t i o n  to be taken 
- 
f o r  f u r t h e r  development towards t r a n s p o r t  a i r s h i p s .  
=. 
I I n  s p i t e  o f  t h e  good performance over  d i s t a n c e s  t h e  amount o f  f u e l  
- and t h e  number of  passengers  accommodated comfortably had to be inc reased  
C i n  o r d e r  t o  commence t r a n s p o r t  on a p r o f i t a b l e  b a s i s .  Th i s  aim was to 
be achieved w i t h  a d i r i g i b l e  of  165,000 m3 i n  sire.  The c o n s t r u c t i o n  of  
t h i s  a i r s h i p  had to  be i n t e r r u p t e d ,  because t h e  a c c i d e n t  o f  t h e  R 101  
presented  t h e  demand f o r  helium f i l l i n g  i n s t e a d  of  hydrogen gas .  
The suppor t  s t r u c t u r e  volume had to  be inc reased  to  200,000 m 3 
because of t h e  lower l i f t i n g  c a p a c i t y  of  helium. 
* 
Const ruct ion  of  t h i s  d i r i g i b l e ,  opera ted  under t h e  name of 
"Hindenburg", a g a i n  could  no t  be c a r r i e d  out according to  schedu le ,  
*Numbers i n  the margin i n d i c a t e  pag ina t ion  i n  t h e  t o r e i g n  t e x t  1 
__-C --= - 
- 
- _ _ -  - -  - A L- -A*---- - - -- - 
because helium was not  y e t  ava i lab le .  The d i r i g i b l e  had to be commissioned 
with a hydrogen f i l l i n g .  The s u b s t a n t i a l  increase  i n  l i f t i n g  capac i ty  
due t o  t h i s  gas  permitted the  increase  i n  passenger capac i ty  to 70 and 
simultaneous expansion of accommodations for comfort beyond the  previous 
l i m i t .  The passenger lounge6 were to be f i t t e d  sumptuously, no t  however 
as a measure f o r  f u t u r e  d i r i g i b l e s .  
After  one year of very succes s fu l  s e r v i c e  the  d i r i g i b l e  was lost. i 
The accident  forced conversion to helium f i l l i i r g  f o r  t he  sister s h i p  3 
under construct ion.  A series of  a l t e r a t i o n s  and weight reduct ions  had I 
to be undertaken i n  order  to  t r a n s p o r t  50 passengers. 
In  add i t i on  a f u t u r e  s h i p  was a l s o  presented with t he  task  o f  1 
I 
approaching t h e  performance of the  "Hindenburg" even as a helium a i r s h i p  I 
i 
with respec t  to l i f t i n g  capac i ty  and speed and o f  maintaining a s  l o w  a f 
consumption of helium a s  poss ib le  i n  t r a n s p o r t  to achieve p ~ o f i t a b i l i t y .  1 
Figure 1: Cross-section r ing  
The easy pa th  i n  d i r i g i b l e  cons t ruc t ion  of  achieving car ry ing  
capac i ty  by means of increased volume had t o  be avoided because of t h e  
a d d i t i o n a l  helium required for  f i l l i n g  and t h e  correspondingly higher 
losses in  t ranspor t .  
2 
Because helium was n o t  y e t  avai&ab;le. The d i r i g i b l e  ha4 to be c o m i s r l o n e d  
with a hydrogen f i l l i n g .  The s u b s t a n t i a l  i n c r e a s e  i n  lifting capacity 
due to t h i s  gas perra l t ted  t h e  i n c r e a s e  i n  passenger c a p a c i t y  to  70 and 
s b u X t a n e o u s  expansion of a c e o m a t i o n s  for camfort beyond the  p rev ious  
l i m i  t, The passenger lounges were to be f i t t e d  sumptuously, n o t  however 
as a measure f o r  f u t u r e  d i r r ig ib les .  
After one yea r  of very s u c c e s s f u l  s e r v i c e  the d i r i g i b l e  was lost. 116 
The a c c i d e n t  fo rced  convers ion  to helium f i l l i i r g  for t h e  sister s h i p  
under c o n s t r u c t i o n .  A series of a l t e r a t i o n s  and weight  r e d u c t i o n s  had 
to be undertaken i n  order to t r a n s p o r t  50 passengers .  
I n  a d d i t i o n  a f u t u r e  s h i p  was also presen ted  wi th  t h e  t a s k  of 
approaching t h e  performance of t h e  #Hindenburg" even as a helium a i r s h i p  
wi th  respect to l i f t i n g  c a p a c i t y  and speed and of mainta in ing as l o w  a 
consumption of helium as p o s s i b l e  i n  t r a n s p o r t  to ach ieve  p ~ o f i t a b i l i t y .  
F igure  1: Cross-sec t ion  r i n g  
The e a s y  p a t h  i n  d i r i g i b l e  c o n s t r u c t i o n  o f  achieving c a r r y i n g  
C 
g - c a p a c i t y  by means o f  inc reased  volume had to  be avoided because o f  t h e  
T 
E 
f a d d i t i o n a l  helium r e q u i r e d  f o r  f i l l i n g  and t h e  correspondingly  h igher  
P 
6 
1 
losses i n  t r a n s p o r t .  
-
1 
i We followed t h e  o p p o s i t e  courae  o f  i n c r e a s i n g  t r a n s p o r t  c a p a c i t y  by 
- f m i g h t  r e d u c t i o n  and improvement i n  v a r i o u s  s h i p  des igne ,  wi thou t  
dec reases  i n  s a f e t y  and wi thout  n o t i c e a b l e  r e d u c t i o n s  i n  accommodations 
for passenger comfort.  
C i r c u l a r  Suppor ts  
:s [ 
1 
! I n  t h e  c a s e  of t h e  d i r i g i b l e s  t h e  des ign  of s u p p o r t  s t r u c t u r e s  has  
f n o t  been altered s i n c e  t h e  f i r s t  sh ip .  The l o n g i t u d i n a l  suppor t s ,  extend- 
! ing from t h e  f r o n t  to t h e  back, a r e  secured  to t h e  many c o r n e r s  o f  t h e  
I 
r c i r c u l a r  r i b s .  Diagonal b races  i n  t h e  l o n g i t u d i n a l  s u p p o r t  f i e l d s  pro- 
i 
: i 
i 
vide  a s p a t i a l  framework f o r  absorbing f o r c e s  on t h e  s h i p  s u r f a c e .  The 
: number of  c o r n e r s  is n o t  s e l e c t e d  so much from a s t a t i s t i c a l  s t a n d p o i n t ;  
: I 
f t h e  d i s t a n c e  of l o n g i t u d i n a l  s u p p o r t s  from one ano the r  must make it 
i p o s s i b l e  to app ly  a cover ing  which does n o t  f l u t t e r ,  i n  o r d e r  to reduce 
L 
s u r f a c e  f r i c t i o n .  There a r e  then  t o o  many l o n g i t u d i n a l  s u p p o r t s  for t h e  
f 
# pure ly  s t a t i s t i c a l  design.  The i n f l u e n c e  of t h i s  on c o n s t r u c t i o n  weight  
t w i l l  be expla ined l a t e r .  
: 
t The d i s t a n c e  o f  t h e  main r i n g s  from one ano the r  r e s u l t s  from t h e  
demand t h a t  each of t h e  in te rmedia te  b a l l o n e t s  may lose its c o n t e n t s  
t 
without  endangering t h e  s h i p .  
R i g i d i t y  of t h e  r i n g s  is maintained by a n e t  of t i g h t e n e d  r a d i a l  
? 
i wires  secured  to t h e  c o r n e r s  o f  t h e  r ing .  This  known c o n s t r u c t i o n  of 
f r i n g  suppor t s  has  been proven t h e  best. 
When a s e c t i o n  loses its gas  c o n t e n t ,  t h e  border ing  p a r t i t i o n  w a l l s  /18 
a r e  s u b j e c t e d  to extreme stress by means of  t h e  g a s  p r e s s u r e  of  t h e  
I neighboring s e c t i o n s  ( f o r  example, i n  t h e  LZ 129/130 t h e  t o t a l  g a s  
' f  
. - 
p r e s s u r e  a c t i n g  on t h e  l a r g e s t  p a r t i t i o n  w a l l  is approx. 26.0 t) . The 
f l a r g e  f o r c e s  caused by c o n s t r u c t i o n  requirements  i n  t h e  r i n g  s u p p o r t s  
and i n  t h e  r i n g  a r e  mainly respons ib le  f o r  t h e  r e l a t i v e l y  high s t r u c t u r a l  i- 4 
1 i weight of t h e  main r ings .  
!* : A reduc t ion  i n  t h e s e  f o r c e s  may o n l y  be achieved by i n c r e a s i n g  I I bulging; however, i n  t h e  normal c o n d i t i o n  o f  t h e  a i r s h i p  a c e r t a i n  t e n s i o n  
Figure 2: Main r i ng  fo rces  i n  t he  case of  an empty sec t ion  
Key : 
a. ropes 
b. wires 
c. main r i n g  fo rces  i n  t he  case  of  empty s e c t i o n s  as a 
funct ion of the  c o e f f i c i e n t  of e l a s t i c i t y  and permiss ible  
stress on r i n g  supports .  
ft 
r 
i i n  the  r i ng  s t r u c t u r e  must be maintained for reasons of  s t a b i l i t y .  Since 
4 
- 
I t h e  fo rce  i n  a support  extended between t w o  f ixed  po in t s  and sub jec ted  to 
t t ransverse  s t r e s s  now increases  with t h e  square r o o t  from t h e  c o e f f i c i e n t  
1 
of  e l a s t i c i t y  divided by permiss ible  tension,  a pa th  f o r  decreasing 
i 
1 i 
E fo rces  and corresponding weight is provided through app l i ca t ion  of 
! s p e c i a l  wire ropes with a l o w  c o e f f i c i e n t  of e l a s t i c i t y  and e s p e c i a l l y  
high s t rength .  The wire ropes developed f o r  t h i s  purpose have a c o e f f i -  i 2 
C 
c i e n t  of  e l a s t i c i t y  of 13,000 kg/mm on t h e  average and a s t r e n g t h  of 
2 I 220 kg/mm while the  corresponding numbers fo r  previously  employed high 2 
- s t r eng th  steel wires a r e  E = 21,000 kg/mm and k, = 150 kg/mm2. 
- 1 
i 
i- The reduct ion i n  main r i n g  weight achieved by t h i s  method amounts 
B 
! to  almost 25%. In  t h i s  type of cons t ruc t ion  t h e  u t i l i z a t i o n  of pneumatic 
' i extension members is avoided, t h e  method used i n  American a i r s h i p s  
? 
i far reduct ion of faruer i n  t h e  main ring#. 
- -. 4 
- 
. - 
- - 
. - - 
Figure  2 m h w  the d.p.nden01 of u i n  ring f o r a n  on cmefflchih ot 
- -! 
a l a r t i c i t y  and t h e  p e r m i a ~ i b l e  r t re rm on r i n g  rupportrr. 
Axial  Catwalk and Axial RQP@ 
A catwalk extending aver t h e  a n k i r e  length of . ' t he  mhip was f i r o t  
suppl ied i n  the  "Graf Zepplina. It became neceuuary because of the  
c h a r a c t e r i s t i c  arrangemen' i n  t h i n  r h i p  of l i f t i n g  gas  and d r iv ing  gas 
rectione, which could be monitored from t h i s  catwalk. In add i t i on  t h e  
catwalk 8 e ~ v e d  the  s t a t i c  gutpore of support ing t h e  p a r t i t i o n  midpoint 
subjected to la t . , r a l  gas  forces, about one-third af which were absorbed 
By t h e  catwalk, reducing t h e  streaserr i n  t he  main r ing.  
L 
The s i t u a t i o n  was s i m i l a r  i n  t h e  "Bindenburg", for which the  
c r i g i n a l  plan a l r o  c a l l e d  for double gaa sectionr, re t h a t  a catwalk was 
also required fo r  t h i s  lairehip.  
Since the  double s e c t i o n  arrangement is not  employed i n  helium /19 
f i l l i n g  and the  valve. can again  be monitored from the  walkway, t he  
r i g i d  catwalk should be replaced by a x i a l  t r a c t i o n  e q u i p m n t  under tension,  
as was a l ready  employed i n  s e v e r a l  types  of m i l i t a r y  ships .  Such t rnc-  
t i o n  equipment can assume t h e  s t a t i c  task of  support  and reduction i n  
s t r e s s  on p a r t i t i o n  wa l l s  i n  t h e  u a m  manner au a r i g i d  catwalk and i~ 
executed from the  f r o n t  to t h e  rear .  The gas  s e c t i o n s  conta in  f i t t e d  
p ieces  connected to one another a f t e r  f i l l i n g  and to the  r ing  suppor t s  
when subjected t o  t h e  above-mentioned tension.  The gain  i n  l i f t  achieved 
due to catwalk replacement, t h e  m a t e r i a l  f o r  covering and avoidance of 
loss of gas  space amounts to  approx. 1.8 t. 
- 
F 
! Figure 4: Catwalk of the  "Hindenburg" 
L 
supports  
The s t r u c t u r a l  element of t h e  d i r i g i b l e s  was always the  t r i a n g u l a r  
; 
- f I .  support ,  which experienced an increase  i n  height  and spreading with  grow- 
* . :; 
* #ing  s h i p  s i z e .  For t h e  supports  of t he  "Graf Zeppelin'' (1929) t he  d i r e c t  
: 1 -'.-$A&., 
I *  support  framework was the re fo re  replaced by a u x i l i a r y  beams, to include 
L f t he  f r e e  s e c t i o n  s i d e s  and to prevent buckling. I ! 
The support nectionr of the LZ 129 were reinforced by further 
flange.; however, the beamm 8imultaneourly held 2 meetion aide.. In 
spite of the greater length of free-etanding 8ection reeulting from 
t h i s  method, these supports Chowed a higher remistance to buckling. 
The knowZedgc that annealing of support material rr8ults i n  a 
further improvement led to the application of t h i s  procedure. I n  the 
case of section thicknesues of 1.5 nun and more the improvement resulted 
as expected; however, i n  the case of thinner uections it did  not result 
to the degree expected. Annealing apparently does not produce altera- 
tion i n  elastic characteristics of t h i n  eections. I n  order to make ure 
of annealing even i n  the case of supports w i t h  small cross-rections, 
the sheet thickness of the sectiona was increased, bu t  the croe8-eection /21 
was decreaeed by employing the lateral rection only where it was neues- 
eary for s trut  connection, b u t  was cut away between the s t rut  bases. 
T h i s  measure had the desired effect. 
i 
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Figure 5: Triangular 
suppar ts 
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Figure  6 :  Q u a l i t y  va lue  
of t h e  s u p p o r t s  from / Figure  5 
' Key: i .. quality 
i b. buckl ing  load  ! C. supp0r.t weight  
The f i g u r e  p r e s e n t s  a comparison o f  t h e  t h r e e  s u p p o r t  types  /22 
desc r ibed .  
The curves  r e p r e s e n t  q u a l i t y  v a l u e s  p l o t t e d  a g a i n s t  s u p p o r t  croos-  
s e c t i o n .  The q u a l i t y  va lue  is t h e  number o f  kilometers o f  t h e  meter 
I weight which a s u p p o r t  can hole a s  buckling load.  I 
I t  can be c l e a r l y  seen  t h a t  t h e  q u a l i t y  va lue  d e c r e a s e s  i n  t h e  
c a s e  of  s u p p o r t s  of  a smal le r  c ross - sec t ion ,  e m  i n t h e  c a s e  of  l i g h t e r  
I suppor t s .  
I t  has a l r e a d y  been mentioned t h a t  a l a r g e r  number of s u p p o r t s  is 
b u i l t  i n t o  t h e  a i r s h i p  than  r e q u i r e d  i n  s t a t i c  des ign ,  i n  o r d e r  to  main- 
t a i n  a smal l  s u r f a c e  f r i c t i o n  by means of  smooth cover ing  wi th  no t 
f l u t t e r i n g .  For t h i s  reason t h e  suppor t  c r o s s - s e c t i o n s  a r e  r e l a t i v e l y  
small. The improvemeat i n  s u p p o r t  q u a l i t y  r e s u l t s  i n  a c o n s i d e r a b l e  
we igh t  r educ t ion  due to t h e i r  l a r g e  number. 
1 The fundamental6 f o r  d e ~ i g n  of ~ t r e n g t h  c o n s t r u c t i o n  have a deci- 
I 
s i v e  e f f e c t  on t h e  weight of t h e  d i r i g i b l e  s u p p o r t  s t r u c t u r e .  The 
L 
s t a t i c  forces o f  t h e  s h i p  loads and t h e  aerodynamic f o r c e s  a c t i n g  on 
t h e  s h i p  s t r u c t u r e  dur ing  f l i g h t  determine s t r o s s e s .  The former a r e  
e a a i l y  a c c e s s i b l e  for s t a t i c  ca lcula t ionm.  The aerodynamic f o r c e s ,  
occur ing  d u r i n g  f l i g h t s  wi th  l i g h t  and heavy di r ig ibles ,  d u r i n g  rudder 
manipula t ions  o f  v a r i o u s  typeu and f i n a l l y  dur ing  s t r o n g  winds, e f f e c t  
t h e  a c c e l e r a t i o n  of t h e  s h i p ' s  msa, i.e. t h e  forcer of i n e r t i a .  
These forces may be t h e o r e t i c a l  and f a i r l y  a c c e r r i b l e  by means of 
t r i a l s  wi th  models; however, they  a r e  p a r t i a l l y  based on assumptions, 
which have n o t  changed i n  t h e  yearn  mince t h e  end o f  t h e  war. 
There is r t i l l  no informat ion ,  f o r  example, on whether t h e  s t r o n g  
wind6 a c t u a l l y  produce t h e  f o r c e s  r e o u l t i n g  fram c a l c u l a t i o n s  i n  t h e  
s t r u c t u r a l  p a r t s .  I t  has  f u r t h e r  t o  be determined whether  t h e  forces 
r e s u l t i n g  from c a l c u l a t i o n s  for d i f f e r e n t  load cares act s imul taneously  
and completely i n  t h e  s t r u c t u r a l  p a r t s .  
A s u b s t a n t i a l  r e d u c t i o n  i n  forces is caused,  f o r  example, by t h e  
o u t e r  h u l l ,  which can  aboorb stterses i n  a l l  d i r e c t i o n s  of t h e  m a t e r i a l  
p lane ,  b u t  has  n o t  y e t  been cons idered  a s  a s t r u c t u r a l  p a r t .  1 ! 1 I 
' . i - I  
' - S t r a i n  gauges were b u i l t  i n t o  t h e  d i r i g ib l e s  % r a t  Zeppelin" and 
"Hindenburg" i n  o r d e r  to g a i n  informat ion  on t h e  a c t u a l  framework 
rtresses w h i l e  i n  motion. The measurements were c a r r i e d  o u t  i n  coopera- 
t i o n  wi th  t h e  DVL; t h e  s c r a t c h  s t r a i n  gauges developed by t h e  DVL se rved  /23 1 1  
as measuring in r t ruments  f o r  r e g i s t e r i n g  t h e  s t r a i n  i n  measuring s e c t i ~ n  
by means o f  a f i n e  diamond p o i n t  t r u e  to s c a l e  con t inuous ly  on a screw- 
! 1 
shaped moveable glass c y l i n d e r .  i ( 
8 
More e x t e n s i v e  mea8uremnts a r e  to  be conducted over  long o p e r a t i n g  
times i n  t h e  LZ 130. I n  t h e  r e s u l t 6  t h e  a b s o l u t e  maximum s t r a i n  v a l u e s  
a r e  o f  i n t e r e r t ,  from which conc lus ions  can be drawn about  t h e  correct- 
ness  of  load  assumptions; fur thermore ,  t h e  r e s u l t i n g  f requenc ies ,  a t  
which c e r t a i n  s t r a i n  l e v e l s  a r e  achieved o r  exceeded a r e  of concern. 
The r e s u l t i n g  load change numbers for t h e  probable  a i r s h i p  l i fe  expec- 
tancy a r e  to be compared w i t h  t he  load changes a p p l i e d  to r t r u c t u r a l  
p a r t s  i n  l a b o r a t o r y  t r i a l s  a t  t h e  v a r i o u s  s t r a i n  l e v e l r .  
Figure 7: Frequency 
d i s t r i b u t i o n  according 
to r t r a i n  c l a s r  
Key r 
a. r e  l a  t lve frequency 
b. prerrure 
c. tenrion 
-- 
_ q a z _  .- -. -. - - -- - 
The f igure  shows t h e  r e l a t i v e  frequency of loadchange according to 
s t r a i n  c l a r s .  
The average frequency load change renulted a t  2.5 to 3 minuter. 
I t  m u s t  be considered i n  t h i r  case t h a t  previous mcasure~in t8  were 
conducted when higher stterms on t h e  a i r s h i p  could be expected becaure 
of approaching bad weather. 
The s t r a i n  peak of a l l  previous measurementm war determined a t  
2 8.6 kg/m , a value l i n e  rubr tan t i a l ly  under permissible e t r a in .  
The d i r i g i b l e  "Graf Zeppelin" was constructed under more mild load 
assumptions than the a i r s h i p  "Hindenburg". In s p i t e  of t h i e  no s t r u c t u r a l  
pa r t  was proven too weak during its long operat ional  tim. 
I t  m y  therefore be expected t!.nt on t h e  bas is  of continuous s t r a i n  
measurements considerable reductione in  s t r u c t u r a l  weight of fu ture  
d i r i g i b l e  support s t ruc tu res  w i l l  be posrible.  
10 
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r t r u c t u r a l  w i g h t  o f  a r h i p .  There were p r e v i o u r l y  made o f  two l a y e r r  - 1 
of c o t t o n  w i t h  a n  in te rmedia te  l a y e r  of t ap regna t ion  f o r  g a r  r e a l i n g .  : g  
Although t h e  weight  of t h e  c o t t o n  amount8 to  o n l y  between 35 and 
2 20 g/m , reduc t ion8  can  be mde. I t  war pormible to reduce t h e  m i g h t  
2 to 40 or 15  g/a by u r ing  raw r i l k ,  a l r e a d y  p a r t i a l l y  r u p p l i e d  by German 
r i l k  growerr.  The much rumother s i l k  m a t e r i a l  wi th  fewer pores r e q u i r e s  
lerr impregnation than t h e  c o t t o n  m a t e r i a l  wi th  a t  l e a r t  the r a m  gar-  
s e a l i n g  e f f e c t .  I t  war r i r u l t a n e o u s l y  pomrible to avoid  i n c r e a s e  i n  
m a t e r i a l  weight due to  humidity through t h e  t y p e  of impregnation. 
Above a l l ,  however, t h e  new impregnation a l m r t  completely prevent8  
e q u a l i z a t i o n  of r e l a t i v e  humidity between ambient a i r  and g a r .  
T h i r  c o n d i t i o n  found l i t t l e  c o n r l d e r a t i o n ,  b u t  pe rmi t t ed  t he  a d d i ~  -n 
of a n  amount of  m i r t u r e  from 1 to 2 t i n  t h e  g a r  f i l l i n g  i n  a few hours 
when employing t h e  p rev iour  a a t e r i a l r .  Thi r  amount of mois ture  could  be 
r e l e a s e d  j u r t  as r a p i d l y  when t n e  c o n d i t i o n 8  -re reversed .  Due to 
w c i g h t  r educ t ion  i n  t h e  m a t e r i a l  and i n  t h e  impregnation and due to 
prevent ion  of  added mois ture  i n  t h e  m a t e r i a l  and i n  t h e  g a r  t h e  u e e f u l  
l i f t  i8 i n c r e a r e d  by a n  amount of  appro%. 3 to 4 I. 
The c e l l u l o s e  d e ~ c i ~ p d  has r permeab i l i ty  o f  one l i t e r  q a r h 2  i n  
24 houra. A d i f f e r e n c e  i n  pe rmeab i l i ty  of hydrogen g a s  compared to 
helium could  n o t  be a s c e r t a i n e d .  
I n  t h e  convers ion  of a d i r i g i b l e  to helium the  d r i v i n g  equipment i u  
s u b j e c t e d  to t h e  most s u b s t a n t i a l  a l t e r a t i o n ,  k c a u r e  it becones abso- 
l u t e l y  necessary  to  g a i n  b a l l a s t  a s  a replacement f o r  t he  weight  lost i n  
f u e l  consumption. 
E a r l i e r  atteraptr a t  t ak ing  on b a l l a s t  i n  t h e  form of  water by means 
o f  scooping and pumping from water  s u r f a c e r  whi le  i n  motion f a i l e d ,  i 
11 1 
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because they remained too g r e a t l y  dependent on a c c i d e n t a l  c i rcumstancesI  
especially t h a t  o f  wave formation on water s u r f a m s .  
A f u r t h e r  a t t empt  wan made to take  on b a l l a s t  from mois tu re  i n  t h e  
a i r  v i a  silica gel. Accidenta l  circumstances i n  a tmospher ic  c o n d i t i o n s  
a l s o  has a n  e f f e c t  i n  t h i s  
example, t h e  moisture con te  
o r d e r  to g a i n  a p o r t i o n  of t h i s  mois ture  a s  b a l l a s t  it would be necessa ry  
to process very l a r g e  a i r  masaes i n  t h e  e x t r a c t i o n  equipment, r e q u i r i n g  
a l a r g e  equipment weight and a h igh  power consumption for a i r  movement. 
W e  were forced by n e c e s s i t y  to employ t h e  known procedure of e x t r a c t -  
ing t h e  water conta ined i n  eng ine  exhaus t  and began t r i a l s  w i t h  a d i r i g i b l e  
d i e s e l  engine w i t h  t h e  r e s u l t  t h a t  a t  least 80% of t h e  weight of exhausted 
f u e l  was e x t r a c t e d  a s  water  from t h e  s t a r t  a t  an a i r  tempera ture  below 
ISOC. A t  t h e  same time it was determined t h a t  even i n  cont inuous  opera- 
t i o n  t h e  p r e d i c t e d  contaminat ion of coo l ing  and condensat ion  a p p a r a t u s  
d i d  n o t  occur a t  a l l  a t  t h e  same rate found i n  t h e  exhaus t  sys tem of 
g a s o l i n e  engines.  
I n  our appara tus  t h e  sediment was mainly soot, which can  be removed 
by blowing it o u t  wi th  compressed a i r .  The s u l f u r  con ta ined  i n  diesel 
o i l ,  however, became unp leasan t ly  conspicuous i n  t h e  e x t r a c t e d  water by 
a t t a c k i n g  t h e  p i p e l i n e s  and t h e  c o l l e c t i o n  c o n t a i n e r  to  a g r e a t  e x t e n t .  
I t  was no t  p o s s i b l e  to  remove or a t  l e a s t  n e u t r a l i z e  s u l f u r  r e s i d u e s  
p r e s e n t  i n  t h e  water wi th  subs tances  a v a i l a b l e  i n  d i r i g i b l e  opera t ion .  
A f u e l  employed was Frogasin , made i n  t h e  product ion  o f  g a s o l i n e  
from c o a l ,  which conta ined no harmful a d d i t i v e s .  The r e s u l t i n g  engine  
performance was t h e  same a s  wi th  d i e s e l  o i l .  
The kogasin , however, h a s  a very  va luab le  c h a r a c t e r i s t i c  f o r  
our purposes. I t  c o n t a i n s  approx. 10% more hydrogen than  n a t u r a l  d i e s e l  
o i l s ,  r e s u l t i n g  i n  increased y i e l d  of ballast water ,  so t h a t  on t h e  
average more than 100% of t h e  f u e l  weight  is e x t r a c t e d  a s  b a l l a s t  water. 
12 
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r It is rather diff icul t  to accommodate the ballast extraction appa- 
1 & tatus i n  the dirigible, especially kcauae 36 ctnn of a i r  are required 
t . 
1 g i n  every second for cooling each engine. Our t r i a l s  w i t h  models i n  the 
wind tunnel demonstrated that a considerable additional resistance force i 
I -  is created when using the direct headwind. T h i s  resistance increases 
i ; when the a i r  disturbance reaches the area of the propeller. In  order to F = 
avoid t h i s  a i r  disturbance the ballast extraction apparatus was placed 
1 4  L .  i n  the machine gondola car, considerably increasing gondola diameter and 
7 - 
i $ requiring the arrangement of a forward propeller instead of the previous 
I rear propeller. The entire a i r  necessary for engine and exhause cooling * 
enters the gondola i n  the down draft  of the propeller, passes through 
3 the cooling apparatus a t  a reduced speed and exhausts into the a i r  w i t h  
% 
no disturbance again a t  travelling speed via a ventilator w i t h  the rudder 
f 
on the rear of the gondola. 
t 
Figure 8 
Key: 
a. engine cooling 
b. water recoaling 
c. o i l  cooling 
d m  water extractor 
e. machine gondola 
f .  travelling direction 
The individual steps of cooling is as follows: the exhaust cooling /27 
is carried out i n  two main steps. The gases are directed from the 
engine to  a system of water-cooled r ib  pipee, resulting i n  a temperature 
drop from 450 to 50°. Condensation already has taken place a t  t h i s  
temperature. The supersaturated gases then enter a laminated a i r  cooler, 
bathed i n  the down draft of the propeller and are cooled i n  t h i s  to 
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C 4 to 5O above t h e  a i r  temperature.  A f t e r  e x t r a c t i o n  ot condensed water - E the g a s e s  are exhausted i n t o  t h e  air .  -. 
i5 
L. 
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The c o a l i n g  water of t h e  f i r s t  c o a l i n g  s t e p  is recooled  i n  u s u a l  
8 5 water coolers arranged i n  f r o n t  of t h e  v e n t i l a t o r .  There are a l s o  Caolers 
i . for water and engine  o i l .  Each of t h e  t w o  c y l i n d e r  rows of t h e  eng ine  
* has  a s e p a r a t e  coo l ing  system f o r  t h e  eng ine  water and t h e  exhaus t  gases .  
t. + 8 One or both c y l i n d e r  rows can be employed i n  b a l l a s t  e k t r a c t i o n  v i a  
f . s w i t c h e s  according to  need. A f t e r  a c e r t a i n  number of -opera t ing  hours  -. 
- t h e  soot d e p o s i t  on t h e  r ib p i p e s  of  t h e  f i r s t  c o o l i n g  s t e p  can  be blown 
- 
F 
I o u t  by means of a compressed a i r  s t r e a m  wi thout  i n t e r r u p t i o n  o f  opera t ion .  
i There is no contaminat ion i n  t h e  second a i r  c o o l i n g  step, 8 i n c e  t h e  
combustion r e s i d u e s  still p r e s e n t  are floated away i n  t h e  condensed.water.  1 * 
-. . ......... 
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1 Figure  9: E f f e c t i v i t y  of 
a- /. . t h e  e n t i r e  d r i v i n g  equipment 
. . . .  Key: 
- "-;"-,'. .- a .  amount of a i r  
b. model 
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d. gondola w i t h  a 4 bladed 
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With t h i s  b a l l a s t  e x t r a c t i o n  t h e  p i l o t  o f  a d i r i g i b l e  has  a means 
f o r  ba lancing t h e  s h i p  whi le  t r a v e l l i n g .  L i f t  no longer  needs to  be I 
regu la ted  by l e t t i n g  o f f  l i f t i n g  gas.  The p o s s i b l e  a i r s h i p  a l t i t u d e  1 
r e s u l t s  from t h e  degree  o f  f i l l i n g  of  t h e  b a l l o n e t s .  I n  o r d e r  to g i v e  I 
i t h e  a i r s h i p  t h e  necessary  room f o r  adjustment  i n  a l t i t u d e ,  t h e  s h i p  m3y i 
n o t  be completely f i l l e d  be fo re  a t r i p .  The loss i n  c a r g o  caused by I i 
t h i s  can be avoided i f  t h e  s h i p  f i l l i n g  is expanded by h e a t i n g  t h e  1 
l i f t i n g  gas. The gas  tempera ture  is reduced when t r a v e l  commences and I 
t h e  a i r s h i p  achieves  t h e  necessa ry  a l t i t u d e  wi thou t  loss of gas .  The I 
.= - 
&. beg i n s  to compensate . 
Figure 10: E x t r a c t i o n  of 
b a l l a s t  i n  t h e  d i r ig ib les  
"Akron" and *MakonW 
L 
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The e x t r a c t i o n  of b a l l a s t  and t h e  warming of gases  provide  economic 
advantages f o r  t h e  o p e r a t i o n  of  a s h i p ,  because t h e  l i f t i n g  g a s  is no 
longer  employed f o r  r e g u l a t i o n  of  l i f t .  The d r i v i n g  equipment t o g e t h e r  a 
w i t h  b a l l a s t  e x t r a c t i o n ,  however, causes  no i n c r e a s e  i n  r e s i s t a n c e  i n  
s p i t e  of t h e  inc reased  cool ing .  
The f i g u r e  shows t h e  d r i v i n g  equipment e f f e c t i v i t y  o f  LZ 129 and 
LZ 130, inc lud ing  a l l  r e s i s t a n c e  of t h e  gondola c a r  and t h e  a i r  conveyance. 
The LZ 129 had an  e f f e c t i v i t y  dur ing  cont inuous  t r a v e l  of 69% wi th  a 
4-blade r e a r  p r o p e l l e r  and 1 4  cbm/sec coo l ing  a i r .  The gondola of  t h e  
LZ 130 was f i t t e d  wi th  a 3-blade f r o n t  p r o p e l l e r  of aged wood wi th  a 
h igher  e f f e c t i v i t y  i n  f r e e  of a i r  than  t h a t  of t h e  gondola w i t h  a 4-blade 
p r o p e l l e r .  The h igher  t o t a l  e f f e c t i v i t y  r e s u l t e d  i n  s p i t e  of i n c r e a s i n g  
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gondola d iameter  and t r i p l i n g  t h e  amount of c o o l i n g  a i r .  Apparently 
the power consumption of the  v e n t i l a t o r  c o n t r i b u t e s  to t h r u s t  and t h e  
c o o l i n g  a i r  pumped through t h e  gondola nets  wi th  t h e  ambient a i r  i n  
. g. a down d r a f t  free o f  d i s tu rbances .  
F igure  11: LZ 127 
The e x t r a c t i o n  o f  b a l l a s t  does n o t  detract from s h i p  performance. 
On t h e  c o n t r a r y ,  t h e  s h i p  c o n s t a n t l y  remains approximately i n  a balanced 
c o n d i t i o n  dur ing  t r a v e l l i n g  and t h e r e  is also no loss of speed due to 
, z dynamic procedures.  
i ; 
In t h e  d i r i g i b l e s  Akron and Makon, t h e  appara tus  f o r  e x t r a c t i o n  o f  
I :  b a l l a s t  was removed to t h e  h u l l  s u r f a c e  and ambient a i r  provided t h e  
performance was lost, i.e. how much a d d i t i o n a l  r e s i s t a n c e  was caused to 
cool ing .  I t  d i d  n o t  become known i n  t h i s  arrangement what amount o f  & 
t h e  s h i p .  
An a t t e m p t  has  been made h e r e  to  show t h a t  t h e  l i f t  reduced by t h e  
helium f i l l i n g  can be p a r t i a l l y  compensated by weight  r e d u c t i o n s  and 
improvements i n  i n d i v i d u a l  p a r t s  of  t h e  d i r i g i b l e  . 
h- Whatever t h e  f i n a l  d e c i s i o n  on t h e  a c q u i s i t i o n  o f  helium may be, 
f t h e  e x t r a c t i o n  of  b a l l a s t  w i l l  be a p p l i e d  i n  a l l  f u t u r e  s h i p s ,  because 
f. 16 
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t h e  danger of releasing combustible gas while travelling can be avoided. 
I n  the case of a s h i p  f i l led w i t h  hydrogen the procedure demonstrated 
can make it possible to  reduce the volume of support structure or to add 
to the useful load and airship speed. 
I n  the many regular t r ips  the dirigibles have been proven a reliable 
and above a l l  extremely comfortable means of transportation over long 
distances for the passengers. When the measures shown here are carried 
' out, it should be possible for the zeppelin dirigibles to  maintain their 
place even i.n the future along w i t h  other means of transportion for 
long dir  tances . 
